Introduction
Diabetic dyslipidemia is characterized by increased plasma triglyceride (TG), decreased high-density lipo- 
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Laboratory Measurements
Laboratory examinations of the following were performed; fasting plasma glucose (FPG), HbA1c, plasma insulin level (IRI), serum C-peptide (s-CPR) and urinary C-peptide (u-CPR; average of u-CPR levels for three consecutive days). To determine each patient's serum lipid profile, levels of total cholesterol (TC), TG, HDL-C, LDL-C, and ApoA-1, B, E, were measured. All blood measurements were performed in the clinical laboratory of Hirosaki University Hospital, using routine automated laboratory methods. HbA1c (%) was measured by high-performance liquid chromatography (HPLC) and expressed as a National Glycohemoglobin Standardization Program (NGSP) value. A Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) 19, 20) was used, whereby values were calculated according to the following formula: FPG (mg/dL) Fasting-IRI (µU/mL)/405.
Analysis of Plasma miRNAs
Measurement of plasma miRNAs (miRNA33b, miRNA33a, miRNA148a, and miRNA16) were performed as follows; circulating miRNAs were extracted using microRNA Extractor ® SP kits (Wako Pure Chemical Industries Ltd., Osaka, Japan). This kit extracts circulating microRNA in 200 µL of serum or plasma. The extraction method of this kit is based on a procedure using a chaotropic reagent, which aims for a safe extraction without the use of hazardous phenol/chloroform and a spin column. Extracted total miRNA samples were stored at 80°C.
Human miRNA33a/b, miRNA148a, and miRNA16 reference genes were measured using TaqMan ® Small RNA Assays (Applied Biosystems, Foster City, CA, USA). TaqMan ® Small RNA Assays are preformulated primer and probe sets designed to detect and quantify mature microRNAs. Quantification using TaqMan Small RNA Assays is done using two-step reverse transcription (RT)-PCR. In the RT step, cDNA is reverse transcribed from total RNA in samples using a small RNA-specific, stem-loop RT primer from TaqMan Small RNA Assays and reagents from a TaqMan MicroRNA Reverse Transcription Kit. In the PCR step, PCR products were amplified from cDNA samples using TaqMan Small RNA Assays, together with TaqMan Universal PCR Master Mix (ABI PRISM 7700 Sequence Detection System; including hydrolysis of their TG, which leads to the dissociation of the structurally important protein apolipoprotein A-I (ApoA-I). HDL cholesterol is then reduced because ApoA-I is a major component of the HDL particle 4) . To date, it has been suggested that extracellular microRNAs (miRNAs) have specific physiological functions, depending on their cellular origin, in regulating the immune response, development, stem cell differentiation and, most recently, lipid metabolism [5] [6] [7] [8] .
In particular, an association between miRNA33b with diabetic dyslipidemia and insulin resistance has been assumed from the following observations: increased insulin activates the transcription of the sterol regulatory element-binding protein (SREBP)-1c, while miRNA33b is encoded in the human SREBP-1c gene. SREBP-1c activates the genes necessary to produce fatty acids and, in turn, plasma TG levels rise 8, 9) . Recent advances in research on the ATP-binding cassette, sub-family A, member 1 (ABCA1) protein suggests that the lipidation of ApoA-I via interaction with ABCA1 is an essential, initial step for the formation of HDL, and this ultimately determines plasma HDL-C levels 10, 11) . Increased production of miRNA33b in response to the insulin-stimulated SREBP-1c gene may cause a reduction in HDL levels by repressing the expression of ABC A1/G1 12) . A recent Genome Wide Association Study (GWAS) has demonstrated that several miRNAs (miR128-1, miR148a, miR130b, and miR301b) except for miRNA33b control the expression of key proteins involved in cholesterol-lipoprotein trafficking, such as ABCA1, cholesterol transporter 13) . Recently, miR148a in these miRNAs played an important role of controlling circulating lipoprotein levels via ABCA1 expression 14) . In this study, we determined plasma levels of miRNA33b in patients with type 2 diabetic mellitus (T2DM) showing a dyslipidemia associated with hyper-insulinemia (insulin resistance). We postulate that circulating miRNAs may be excellent comprehensive biomarkers that provide an integrated view of the lipid profiles of type 2 diabetic patients with insulin resistance [15] [16] [17] [18] . Additionally, we measured miRNA148a and examine the relationship between this miRNA and clinical parameters.
Methods

Study Participants
We investigated 50 patients with T2DM (male/ female 31/19) who were enrolled in an educational program related to the control of blood glucose levels at Hirosaki University Hospital. Their treatments consent for blood sampling and measurments of miRNAs.
Results
Clinical Characteristics of Patients with T2DM
Mean BMI of participants was 28.2 6.6 kg/m 2 ) and BMI of 47patients were over 25. Participants showed a mean HbA1c of 9.5 1.8% ( Table 1) . Plasma insulin levels were high (IRI 10.0 8.0 µU/ mL; s-CPR 2.4 0.9 ng/mL) and HOMA-IR was calculated as 4.3 2.7, which signified insulin resistance (HOMA-IR 2.5 is usually judged to be insulinresistant). As for dyslipidemia, mean plasma levels of LDL-C, HDL-C and TG were 116.2 36.4, 45.5 12.5 and 160.4 75.4 mg/dL, respectively. Seven patients were undergoing statin treatment.
With regard to insulin levels, there was a significant positive correlation between plasma IRI and s-CPR (r 0.758, P 0.001), and between plasma and urinary CPR (r 0.504, P 0.001). Plasma TG levels showed a significant negative correlation with plasma HDL-C (r 0.446, P 0.001). Plasma HDL-C levels were significantly positively correlated with ApoA-I levels (r 0.806, P 0.001), because ApoA-I was a major constituent of the HDL particle (supplementary Fig. 1 ). All these findings were compatible with diabetic dyslipidemia and insulin resistance.
Plasma miRNA33b/16 Levels and Clinical Parameters in Patients with T2DM
Plasma miRNA33b/16 levels were significantly positively correlated with IRI (r 0.326, P 0.021), Applied Biosystems, Yokohama, Japan).
We ordered predesigned and custom TaqMan Micro-RNA Assays for every miRNA type through the Applied Biosystems website: miRBase ID hsa-mir33a-5p for miRNA33a, hsa-mir-33b-5p for miRNA33b, has-miR-148a-5p for miRNA148a, and hsa-mir-16-5p for miRNA16. Values were obtained using q-PCR, meaning that miRNAs were corrected with reference to total RNA. Determined plasma miRNA33a, 33b, and 148a levels were corrected with references to miRNA16 21, 22) and expressed as miRNA33a/16, miRNA33b/16, and miRNA148a/16.
Each miRNA measurement was made in triplicate, and an average value was calculated. As to the extraction of miRNAs using an microRNA Extractor ® SP kit, the intra-assay coefficient of variation (CV%) of quadruplicate measurements of five plasma samples was calculated as 4.2% 0.6%. The intra-assay CV values of RT-PCR measurements of miRNA33a, miRNA33b, and miRNA16 were calculated as 20.8% 7.8%, 22.7% 9.5%, 27.5% 7.0%, respectively, in a similar manner.
Statistics
Values are expressed as means standard deviations (SD). Differences between two groups were evaluated by a two-tailed, unpaired Student's t -test. Statistical significance was defined as P 0.05.
Ethics
The Ethics Committee of the Hirosaki Graduate School of Medicine reviewed and approved the research protocol. All participants provided written, informed 
Plasma miRNA148a/16 Levels and Clinical Parameters in Patients with T2DM
Plasma miRNA148a/16 levels demonstrated a negative tendency with HDL-C (r 0.228, P 0.056) and with ApoA-I levels (r 0.141, P 0.164; Table  4 ). However, miRNA148a/16 levels were not correlated with any parameter, such as FBS, HbA1c, TG, insulin level, LDL-C or LDL-C/HDL-C levels ( Table  4) . Plasma level of miRNA148a/16 showed no correlation with that of miRNA33b/16 (r 0.006, P 0.969).
Discussion
The SREBP family consists of three isoforms: SREBP-1a and -1c and SREBP-2 [23] [24] [25] . SREBP-1c is the dominant insulin-stimulated isoform found in the liver responsible for inducing fatty acid synthesis and lipid accumulation, whereas SREBP-2 is induced by sterol deprivation and regulates genes involved in cholesterol synthesis and uptake 26) . Two miRNA33 genes with a two-nucleotide variation in their mature forms are present in human SREBP genes: miRNA33a, harbored in intron 16 of the SREBP-2 gene on chromosome 22, and miRNA33b, harbored in intron 17 of the SREBP-1 gene on chromosome 17 [27] [28] [29] [30] [31] . One potentially important miRNA33 target exists in the 3´ untranslated region (3´ UTR) of ABCA1 messenger RNA (mRNA) [32] [33] [34] . The 3´ UTR of ABCA1 mRNA contains three highly conserved binding sites (as determined by sequence-specific hybridization to complementary target sites) for miRNA33a and/or miRNA33b. and also with s-CPR levels (r 0.280, P 0.049; Table  2A and supplementary Fig. 2) . Plasma miRNA33b/16 levels were not correlated with FBS or HbA1c levels. Plasma miRNA33b/16 levels also demonstrated a significant correlation with TG levels (r 0.351, P 0.012), and showed no correlation with HDL-C levels (r 0.210, P 0.143; Table 2A ). Then, plasma miRNA33b/16 levels were not correlated with LDL-C/HDL-C ratio (r 0.241, P 0.091) Similar trends between miRNA33b levels (relative to total RNA) and the above-mentioned clinical parameters were also found; however, a statistically significant difference was not seen with any parameter (Table 2B) .
Plasma miRNA33a/16 Levels and Clinical Parameters in Patients with T2DM
The plasma level of miRNA33a/16 did not show any correlation with any of the clinical parameters described above. However, miRNA33a/16 showed a positive correlation with LDL-C (r 0.304, P 0.032) and tendency with LDL-C/HDL-C ratio (r 0.269, P 0.059) ( Table 3) . Of particular note, the blood level of miRNA33a was found to be approximately 1/150th the miRNA33b blood level; average plasma miRNA33a level was 0.083 0.075 ng/uL and miRNA33b was 9.6 8.7 ng/uL. Additionally, the plasma level of miRNA33a/16 showed no correlation with that of miRNA33b/16 (r 0.107, P 0.539). Plasma miRNA33b/16 levels revealed a positive relationship with IRI or with s-CPR (A). Plasma miRNA33b/16 levels also demonstrated a positive correlation with TG and showed a negative tendency with HDL-C (A). Similar tendencies between miRNA33b levels (relative to total RNA) and the above-mentioned clinical parameters were revealed; however, statistically significant differences were not seen (B). Statistical significance was defined as P 0.05.
P 0.001; supplementary Fig. 1 ), ApoA-I showed no correlation with plasma miRNA33b/16 (r 0.169, P 0.241; Table 2A ). These findings suggest that increased plasma insulin may activate SREBP-1c/ miRNA33b in the liver; SREBP-1c may participates in the biosynthesis of TG and coordinately enhanced miRNA33b may restrict the transcription of ABCA1, which subsequent decreases the formation of HDL-C and ApoA-I (SREBP-1c/miRNA33b/ABCA1 axis; Fig. 1 ) 43) . We postulated that plasma miRNA33b itself may be an important biomarker which comprehensively express the physiological states of patients with T2DM; this probably also includes patients with metabolic syndrome 37, 43, 44) . It has been postulated that the relative amount of SREBF-2 mRNA in the liver is significantly less than that of SREBF1, and that miRNA33a would also be less abundant than miRNA33b 2, 43) . Our study confirmed that plasma miRNA33a levels were indeed over one hundred times lower compared with miRNA33b levels. This may presumably suggest that the origin of plasma miR33a and miR33b might quantitatively derive from the liver.
In the present study, miRNA33a/16 showed no correlation with parameters such as insulin, glucose, and lipid levels ( Table 3) . Indeed, a correlation was also not observed between miRNA33a/16 and 33b/16. With respect to the regulation of miRNA33a, sterol deprivation in the cell triggers SREBP-2 gene expression.
We could not explain the positive correlation between plasma levels of miRNA33a/16 and LDL-C ( Table 3) . For seven participants treated with statins, ABCA1 is responsible for the movement of free cholesterol out of the cell and for the generation of nascent HDL particles.
Although present in primates, miRNA33b is absent in rodents and has been less well studied than miRNA33a to date 10, 35, 36) . The expression of miRNA33 was found in various cells and tissues, including hepatic cells, macrophages, endothelial cells, brain, liver, colon, small intestine, and skeletal muscle 12, 37) . Previous in vitro experiments showed that insulin increases the expression of SREBP-1c mRNA in parallel with other miRNAs in primary hepatocytes 26, [38] [39] [40] [41] . Indeed, the expression of ABCA1 mRNA and protein is strongly repressed by miR-33 overexpression in a variety of cell types [10] [11] [12] [32] [33] [34] . In addition to these, miRNA33a/33b, similarly, targets a variety of lipid metabolism-associated genes besides ABCA1, such as Crot, Cpt1a, Hadhb, and Ampk 5, 35, 37) . Furthermore, miRNA33b also cooperates with SREBP1 in regulating glucose metabolism by targeting phosphoenolpyruvate carboxykinase (PCK1) and glucose-6-phosphatase (G6PC), key regulatory enzymes of hepatic gluconeogenesis 42) . In this study, we clinically demonstrated a relationship between circulating plasma miRNA33b levels and metabolic parameters of 50 patients with T2DM who exhibited diabetic dyslipidemia with insulin resistance. We showed that plasma miRNA33b/16 was positively correlated with plasma insulin levels (IRI and CPR) and was negatively correlated with TG levels. Plasma miRNA33b/16 also showed a negative tendency with HDL-C. Although plasma HDL-C levels significantly correlated with ApoA-I levels (r 0.806, The plasma level of miRNA33a/16 did not show any correlation with any of the clinical parameters except with positive correlation with LDL-C and tendency with LDL-C/HDL-C ratio. affected SREBP-1 expression in our study 2, 31) . The current study has several limitations that may impact on the interpretation of results. Firstly, with regard to the quantitative miRNA analysis of blood samples, whether blood miRNA levels parallel those of protein in the liver is uncertain. In this study, levels of miRNA33b, harbored within the SREBP-1c gene, were demonstrated to be upregulated in response to insulin stimulation 37, 44) . In other words, this has led to the concept that circulating miRNA33b could be useful as a biomarker for the detection of SREBP1c expression in the liver 45, 47) . Second, selection of an optimal reference gene for the normalization of circulating miRNA levels is problematic; a universal reference gene has not yet been established. The selection of an optimal control gene should be made on the basis of indicating steady-state expression in screening experiments. We selected miRNA16 as a control gene based on previous reports 21, 22) and for the following reasons. We found plasma levels of miRNA33b and miRNA16 were within similar ranges. We also found that more comprehensive correlations were obtained when making corrections with miRNA16 than with total RNA (Table 2A vs. 2B) . Regarding other limitations of the study, the relatively small size of the patient cohort used here indicates that further validation is required in larger studies. We also found a considerable lack of uniformity in samples from patients who had been subjected to a variety of treatments for LDL-C levels were significantly lower than those for non-users (76.6 29.8 vs. 122.6 33.1 mg/dL); however, miRNA33a/16 levels as well as miRNA33b/16 or mi148a/16 did not differ between these two groups (supplementary Table 1) .
Recently, plasma miR33a and miR33b had been reported to be significantly upregulated in familial hypercholesterolaemic children and both miRNAs had shown a positive correlation with LDL-C, LDL-C/ HDL-C ratio, apolipoprotein B, CRP (C-reactive protein) and glycaemia 45) . Authors quoted the report which illustrated SREBP transcriptional increase in fibroblasts derived from patients with genetic FH 46) . They hypothesized that the cholesterol content of hepatocytes in genetic FH participants is low, which should stimulate SREBP gene expression and, in turn, the expression of miR33a and miR33b 45) . Nowadays, high-throughput genome-wide screening assay to systematically identify miRNA148a as a negative regulator of LDL receptor expression and activity and defined a SREBP-1-mediated pathway through which miRNA148a regulates LDL-C uptake and ABCA1 expression to control circulating lipoprotein levels 14) . MiRNA148a/16 levels in our study showed no significant correlation between LDL-C, LDL-C/HDL/C, or insulin levels. The liver X receptor (LXR), a nuclear hormone receptor, has been known as a factor promoting the expression of SREBP-1 other than insulin. It is unknown how LXR Insulin diabetes and dyslipidemia. To clarify our result, we need to evaluate plasma miRNA33b levels in patients with age-matched controls who did not have insulin resistance and compare miRNA33b levels before and after DM treatment. As a necessary consideration of the future, we should examine precise miR33b functional approach using in vitro study. In summary, our study postulates that circulating miRNA33b could act as a new marker to detect varying physiological states of dyslipidemia in patients with T2DM as well as in those with metabolic syndrome, who show SREBP-1c overexpression in response to hyperinsulinemia through the activities of insulin/ SREBP-1c/miRNA33b/ABCA1 48, 49) . These findings highlight the clinical potential of the antisense targeting of miRNA33b as a therapy to raise HDL levels in the treatment of cardiovascular disease during metabolic syndrome and T2DM 35, 36, 42) .
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With regard to insulin levels, there was a significantly positive correlation between plasma IRI and s-CPR, and between plasma and urinary CPR. Plasma TG levels showed a significantly negative correlation with plasma HDL-C. Plasma HDL-C levels significantly correlated with ApoA-I levels.
